tween 6 80% vs. ! 80% adherence, but compared to ! 65% adherence, pill adherence levels of 6 90 to ! 99% (HR 0.56, 95% CI = 0.34-0.91; p = 0.02) and 6 99% (HR 0.46, 95% CI = 0.29-0.73; p = 0.001) were associated with lower occurrence of the combined outcome at 18 months. Conclusions: Longterm excellent adherence to non-specific pill prescription among ischemic stroke patients is independently associated with lower vascular risk, and is likely a marker of overall healthy behavior that may be helpful in targeting stroke patients with unhealthy practices.
compliance with other types of conduct that influence clinical outcome [5] . In other words, adherence may be more than just taking a pill [5] . Indeed, data from randomized clinical trials in cardiac patients indicate that the advantage associated with better adherence might be unrelated to the effect of a specific treatment [6] [7] [8] . For instance, it has been shown in coronary artery disease (CAD) and congestive heart failure patients that improved adherence, even to placebo, is associated with improved survival and fewer cardiovascular events [6] [7] [8] .
The aforementioned findings suggest that a better understanding of the impact and nature of adherence on clinical outcomes could provide an avenue for novel interventions geared at optimizing adherence [5] . Little if anything is known about the relationship between nonspecific pill adherence and clinical outcomes among patients with established cerebrovascular disease. Since pill compliance is routinely recorded in randomized secondary stroke prevention trials, assessing its association with meaningful endpoints could provide some insight into this issue.
The objective of this study was to determine whether greater adherence to blinded randomized pill prescription within a stroke prevention trial, regardless of treatment arm, would be associated with better clinical outcomes.
Methods

Dataset
We reviewed data from the Vitamin Intervention for Stroke Prevention (VISP) trial [9] . The VISP trial was a multicenter double-blind randomized controlled clinical trial performed at centers across the USA (n = 45), Canada (n = 10) and Scotland (n = 1). It was designed to determine whether the best medical therapy and a multivitamin containing high-dose folic acid, pyridoxine, and cobalamin given to lower total homocysteine levels would reduce the incidence of recurrent cerebral infarction in patients with a non-disabling cerebral infarction [9] . The methods and results of this trial have previously been described [9] . Pertinent to the current report, the VISP population comprised persons whom neurologists had identified as having experienced an ischemic stroke from September 1996 through May 2003. Demographic, clinical, and laboratory data were collected at baseline, with subsequent clinical and laboratory information obtained in follow-up visits at 6, 12, 18, and 24 months.
Variables
Independent Variable. We took account of the date on which the pills were distributed in our measure of adherence. Adherence was calculated at each clinic visit as [(number of pills taken by the participant subtracted from number of pills distributed to the participant) divided by number of days since the last scheduled visit at which pills were dispensed] multiplied by 100. We trimmed any adherence values over 100 to 100%; negative adherence values were considered invalid and set to missing. Assessments at the 6-, 12-, and 18-month clinic visits were included here for the participants who had at least one such assessment. Not all patients had all these assessments. In all but one of our analyses of adherence, measurements of adherence made after a stroke or coronary event were excluded. Several summary measures of adherence were considered. Total pill adherence was defined as: (number of visits at which adherence was 1 80% divided by number of visits with adherence data) multiplied by 100. Adherence 6 80% at each measure was deemed good. Adherence was analyzed in 4 ways: (1) as a dichotomized variable (adherence 6 80% at each visit, yes vs. no [5] ); (2) average overall adherence over the whole study 6 80% (yes vs. no); (3) average overall adherence of measures made prior to an event ( 6 80%, yes vs. no); (4) visit-specific survival analyses, using multiple categories ( ! 65%, 65% to ! 80%, 6 80% to ! 90%, 6 90% to ! 99%, and 6 99%) for persons event-free until an index visit.
Dependent Variable. The endpoint for this particular analysis was a composite outcome comprising the occurrence of stroke, myocardial infarction or death from any cause.
Covariates. We included a baseline history of any symptomatic ('hard') vascular event, baseline vascular biomarkers, and factors previously associated with adherence as covariates. This included categorical variables (sex, race, history of ischemic stroke prior to randomization, smoking, and statin use) and continuous variables (age, systolic blood pressure, and fasting total cholesterol) [1, 5] . Since there were no specific measures of CAD prior to randomization and several other symptomatic cardiac conditions can impact upon mortality, we also included a history of any of the following as covariates: angina, myocardial infarction, congestive heart failure, coronary artery bypass surgery, and coronary angioplasty or stenting. We also included VISP assignment group (i.e. high-dose vs. low-dose vitamin treatment) as a covariate.
Statistical Analysis
Multiple logistic regression was used in the analysis of the association between overall adherence and outcome. Cox proportional hazard models were used in the analysis of the association between visit-specific adherence and time to outcome.
Results
A total of 3,680 ischemic stroke patients were enrolled during the study period. Figure 1 shows a breakdown of the exclusions and resulting counts of participants, leaving 3,357 subjects who had complete and verifiable data. Of these, the mean and median ages (at baseline visit) were 66.4 and 67 years, respectively; 38% were female, 81% White, and 14% African-American.
Women, non-White persons, current smokers, those with no history of coronary artery bypass surgery, and individuals not on statin treatment were less likely to be optimally adherent to prescription pill treatment ( table 1 ).
Unadjusted analyses of the combined outcome over the course of the trial, including adherence measures obtained after a stroke or coronary event, revealed that those who adhered well ( 6 80%) to treatment at each assessment visit over the trial period were less likely to experience the outcome than poor adherers (13.4 vs. 20.6%, p ! 0.0001). Similar results were obtained with unadjusted analyses of the outcome by total average overall pill adherence over the duration of the trial 6 80% or not. However, when we excluded all visits that occurred after an event (i.e. only visits preceding the occurrence of an outcome were considered): 11.4% of those with an average adherence 6 80% experienced an outcome versus 12.0% of those with adherence ! 80% (p = 0.73). When this association was adjusted for potential confounders through logistic regression, the association remained non-significant. Table 2 displays the frequencies of total study prescription pill adherence (before vascular event) by study time point and primary endpoint.
When the analysis was performed as study-visit specific, including only those with no outcome prior to the index visit when adherence was assessed, unadjusted analyses showed no significant association with adherence up to the 6-month visit ( table 3 ) , but significant associations with adherence through the 12-and 18-month visits ( tables 4 and 5 ).
After adjustment for the basic confounders of age, sex, race, and study treatment, study pill adherence 6 90% (vs. ! 65%) at the 12-month and 18-month study visits was significantly associated with a lower occurrence of the composite endpoint (p ! 0.05); however, no significant association was found between study pill adherence and outcome at the 6-month visit. The results of more expansive multivariable modeling showed similar results and can be found in tables 3-5 . There were no significant outcome differences by pill adherence at the 6-month visit ( table 3 ) . However, study subjects who adhered to pill prescription at the 12-month and 18-month visits either 90% to ! 99%, or 6 99%, of the time (compared to ! 65%), were significantly less likely to have experienced the composite endpoint. There were no significant interactions between study pill adherence and VISP treatment, nor any significant associations between VISP treatment and the composite endpoint.
Discussion
In this secondary analysis of a clinical trial dataset, we found that excellent adherence to study pill prescription (i.e. 6 90% of the time), regardless of treatment assignment, among individuals with a recent ischemic stroke, was independently associated with lower risk of future major vascular events at 12 and 18 months after enrollment, but not at 6 months after enrollment. Contrary to our initial hypothesis, good adherence (i.e. 6 80% of the time) was not associated with outcome. Since the favorable clinical effects of excellent adherence were seen across treatment groups without any interaction of adherence with VISP treatment, these benefits were likely derived beyond the biological properties of the therapies themselves. An independent link between adherence to study pill prescription (including placebo) and clinical outcomes has been shown in several studies of persons with cardiac disease [5] , but we are unaware of any studies that have explored this issue among stroke patients. Furthermore, the aforementioned cardiac studies generally did not assess the impact of study pill adherence at various study time points, particularly at relatively early time points, such as within 6 months of study enrollment. Traditionally, albeit arbitrarily, consumption of more than 80% of prescribed doses has been deemed an acceptable level of adherence to therapy in various types of chronic illness [5] . This cutoff point has been broadly Data presented as number of patients with percentages in parentheses; p values refer to high-vs. low-risk groups.
Total adherence was defined for each participant as: (visits >80% adherence/visits with adherence data) ! 100. Visit-specific adherence was calculated using the standard VISP definition as: [(pills dispensed at last visit -pills remaining)/days between last scheduled vitamin visit and today] ! 100. used in studies of patients with CAD, cancer, and hypertension, and significantly linked to clinical outcomes [5] . However, our results suggest that for stroke patients, nonspecific pill adherence 6 90% of the time, and not 6 80% of the time, is the cutoff point significantly linked to favorable outcomes. Indeed, in earlier studies of adherence to therapy in HIV-infected patients, the cutoff point of good adherence was the conventional 80% cutoff [10] [11] [12] , but this changed [13, 14] , after a landmark study showed that HIV-infected patients with 95% or greater adherence had superior outcomes than patients with lower levels of adherence, to the extent that the percentage of patients with a favorable outcome rose by 20% when adherence increased from 90-95% to 95-100% [15] .
Although the results of our study and those of others suggest a health benefit of adherence, the underlying mechanisms are not fully understood and the observational nature of these investigations limits any causal inferences. Nonetheless, several potential mechanisms have been proposed to explain this association of good adherence with favorable outcomes. For instance, it has been suggested that good adherence is a marker of a more general predisposition to beneficial lifestyle practices such as healthy eating and regular physical activity, also known as the 'healthy adherer effect' [16] , while poor adherence has been associated with deleterious behaviors like smoking. Indeed, one study found that adherence to a placebo pill was associated with a greater likelihood of consuming a heart-healthy diet [17] . Our study may also in part point to a general health-oriented behavior pattern as a potential explanation for the health benefits of adherence, since like others we observed that current smokers in the VISP trial were less likely to adhere well to the VISP study pill regimen.
Some have also suggested that psychosocial factors may contribute to the association of non-specific adherence with clinical prognosis [17] . This is because depression has been associated with poor adherence to cardiac medications [18] , greater social support has been linked with better adherence [19, 20] , and adherent subjects seem to engage in twice the number of pleasurable social activities before their index vascular event than poor adherers [17] . The latter finding has led some to believe that the relationship between good adherence and better outcomes may simply reflect increased expectancy or belief in the prescribed regimen, in other words, a boosted placebo effect [16] .
There are potential practical and research implications to our results. Pending more definitive studies, the healthy adherer effect remains the foremost explanation for the association of good pill prescription adherence with beneficial outcomes [5] . As such, it may be useful and not necessarily laborious for clinicians to use compliance with the prescribed drug regimen by their stroke patients as an indicator of overall adherence to a healthy lifestyle. Those individuals who are noted to adhere poorly to prescribed drugs may benefit from more extensive inquiry into various aspects of their lifestyle, in order to uncover potentially unhealthy behaviors and provide additional education/counseling. Another practical consideration is that practitioners might consider using compliance with the prescribed drug regimen by their stroke patients to target those persons with underlying unhealthy psychosocial issues that may need to be resolved in order to enhance clinical outcomes. In the research arena, information on study-blinded prescription pill adherence in randomized secondary stroke prevention trials may be considered along with the usual sociodemographic and clinical prognosticator variables to further ensure that randomization was actually balanced. The association between excellent adherence and favorable clinical outcomes at longer time points (12 and 18 months) but not at the shorter time point of 6 months has not been examined in prior studies exploring this issue, but this result seems plausible. Patients are generally much more focused on the index vascular event early after it occurs, and are thereby more likely to be compliant with the medical recommendations during relatively early periods as opposed to later on [4] . This may be further buttressed by our finding of a stronger association of excellent study pill adherence with outcomes at 18 months compared to 12 months.
Our study has limitations. As noted, it was observational and so no causal inferences can be made. Although we conducted a multivariable analysis, unmeasured confounding could still explain our results. Adherence was measured by pill count, which may overestimate adherence since subjects may not ingest all the pills they remove from a bottle [21] . It must also be pointed out that there is a limit on the extent to which we can generalize data from the VISP population, because it is conceivable that since VISP patients were encountered in a researchoriented setting, they were probably more motivated than stroke survivors seen in routine medical practice, and so pill adherence rates in the latter setting may be much worse. Finally, the post hoc nature of the study meant we could only examine the variables collected in the original study, which limited the exploration of the contribution of lifestyle practices and psychosocial factors to the associations we observed [5] .
In conclusion, we found longer-term excellent adherence to pill prescription among persons who have recently experienced a recent ischemic stroke to be independently associated with lower risk of subsequent vascular events. Our results need to be confirmed independently, and the possibility of a causal relation between adherence and health outcomes investigated. However, in the meantime, clinicians may consider adherence to pill prescription as a potential marker of overall healthy behavior, which could be used in targeting stroke patients with unhealthy lifestyle practices that need to be addressed.
